23.

25.

Chapter 1 Introduction

Measure AD and OD
From similar triangles
OP _ AD
0Q ~ BC
~ (OQ) (AD) Moon
= IBG =°="cp B : c
L, B8 X 108 m)AD
BC # eyt
AD ~ 5 mm and OP ~ 0.5 m
o~ 38X 108)(5X1073) _
BC ~ 5 %107 = X 10 m
(P
A ' D
\—/
Vo
V' Eye
Problem is subjective

Estimated 15 000 students, 2000 employees.
Assume 1500 employees drive, 3000 students drive
Average distance = 2 miles/trip X 2 trips/day = 4 miles/day
Cars get 20 mi/gal

4 miles/day _

4500 drivers X 0.2 gal/day = 900 gal/day

Jar is about 8 marbles high 6 marbles in diameter so radius is 3 marbles
Volume = height X area = 8 X m(3)> = 8 X 28 = 226
Round to 23Q marbles.
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Chapter 2 Physics: Principles with Applications

Chapter 2

V = djt = (220 km)/(2.25 h) = 97.8 km/h
d = ¥t = (31.0 km/h)(135 min)(1 hr/60 min) = 69.8 km
¢ = dfv = (22 km)/(30 km/h) = 0,73 h

d = vt = (100 km/h)(2 s)(1 h/3600 s) = 0.056 km = 56 m

(a) (55 mi/h)(1 km/0.621 mi) = 89 km/h
(b) (88.6 km/h)(1000 m/km)(1 h/3600 s) = 25 m/s
(¢) (24.6 m/s)(1 1/0.305 m) = 80.7 fi/s

(@) (1 km/h)(0.621 mi/l km) = 0,621 mi/h
(b) (1 m/s)1 f/0.305 m) = 3,28 fi/s
(¢) (1 mi/h)(1000 m/0.621 mi)(1 h/3600 s) = 0,447 m/s

Another useful form is 1 km/h = 0.278 mys.

(a) <v> = g = (8 X 0.25 mi)/(13.5 min) = 0.148 mi/min
<v> = (0.148 mi/min)(60 min/h) = 8.9 mi/h

(b) Average vel =  since displacement = 0



Chapter 2 Describing Motion;

' LR Sl | d 150 m
h ] 1 <YV> = — = ————
100 m - t (84 +2.8)s
<v> =134 m
e 50m ; 13.4 m/fs
t=28s
- Displac ement 50 m
<v> (average vel) = e =177 s
<v> = 4,46 m/s
_dy _ 2100 _
9. , Fiat pant T V_l = 1000 =21h
d 1300
fand part = ;i - W = 1625 h
Dy 3400 km

<y> = m= WT= 213 km[!!

10. Speed = 2 X 120 km/hr = 240 km/hr

time = 8.5 km/240 km/hr = 0.0354 hr X 6(1) ‘;l‘;“ = 2.1 min
. .o 165 m _ _
11. time of sound from pins = T0mls - 0.048 s = 0.05 s
time of ball = 250 s — 0.05 s =245 s
speed = % = 6.73 m/s
12. AU = 100 km/h
_ (100 km] (1000 m}[ 1 h
- h km 3600 s
AU = 27.8 m/s.
_AU _27.8 m/s _ 3
@ =Ar 766 s = 4.2.mis"
_ AU _ (100 - 85) km/h
3. M= <a> = 1.7m/s?
15 km| (1000 m 1h
Al = h km | (3600 s|] 4.17 m/s
- 1.7 m/s? 1.7 m/s?

At =245 s

Kinemati¢cs in One Dimension

7
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Chapter 2 Physics: Principles with Applications

Use eq (2-10c). 0 = (27.8 m/s)? + 2a(45 m),
a= =859 m/s? = (-8.59 m/s2)/(9.8 m/s?/g) = -0.877 g.

If we know the displacement at 71 is X1, and at 72 is X2 then at the average time T = (T1 + T2)2
we may estimate the velocity as V = (X2 - XDAT2 - T1) eg. X2 = 1.06 m, T2 = 0.75 s;
Xl =046 m, T1 = 0.5s. Thus V = (1.06 m — 0.46 m)/(0.75 s — 0.5 5) = 2.4 m/s and T = 0.625 s,
Thus,

() 0125 0375 0625 0875 125 175 225
vim/s) 044 14 24 352 536 7.86 105
Ms) 275 325 375 425 475 525 5.5
v(m/s)13.1 159 187 214 239 259 278

Note we started with 15 times but now only 14 are left. We may similarly estimate the acceleration,
A= (V2 -VD/T2 - T).

(s) 025 05 0.75 1.0 1.5 2.0

a(m/s?) 3.8 4.0 4.5 4.9 5.0 5.3

(s) 25 3.0 3.5 4.0 4.5 5.0 5.5
a(m/s?) 5.2 5.6 5.6 5.4 5.0 4.0 3.80

6

5 fe

30 4k
a(my/s?

20 31

v(m/s) 2k
10 I

1 2 3 4 5 6 1 2 3 4 5 6
1(s) 1(s)

A BASIC program to implement this procedure is: / INPUT T2 / INPUT X2 / For B = 1,14 /
Tl=T2/X1=X2/1NPUTT2/INPUTX2/T=(T2+T1)/2/V=(X2—X])/(T2—T1)/
PRINT T / PAUSE / PRINT V / PAUSE / NEXT B /.

(a) 0.44 m/s, 1.4 m/s, elc.

(b) 3.8 m/s?, 4.0 m/s?, etc.

v=at x=at¥2, v: = 2ax, v = vf2
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(a) Use eq (2-10a). 0 = (25) + 2a4(120); g = -2.6 m/s?

(b) Use eq (2-10b) x = (12)(5) + 0.52.6)(5)* = 93 m

Using (2-10)c.
0 = (25 m/s)? — 2a(120 m)
a=26 m/s?

Using (2-10c)
(80 m/s)? = 0 + 2(a)(1500)
a =21 m/s?

Use eq (2-10a). 0 = 30 m/s + (a/6 s), a = -5 m/s%,
Use eq (2-10b). x = (30 m/s}(6 s) — 0.5(5 m/s?(6 s)?) = 90 m,

Use eq (2-10c). 0% = v, — 2(10)(320), vo = 80 m/s

Vo = (90 km/)[0.278(m/s)/(km/h)] = 25.0 m/s
(a) Use eq (2-10c). 0 = (25)* + 2(~1.6)d, d.= 195 m
(b) Use eq (2-10a). 0 = 25 + (-1.6), £ = 1565
(¢) Use eq (2-10b).
In1sx = (25)1) + 0.5(-1.6)(1)2 = 24.2 m

In2s x =252 + 0.5(-1.6)2)% = 468 m
In3s x=(2503) +05(-1.6)3)%2 = 67.8 m

il

Kinematics in One Dimension

Therefore during the third second, it travels (68.3 m — 47 m) = 21,0 m.

vy = (60 km/h)[0.278(m/s)/(km/h)] = 16.7 m/s
Use eq (2-10c). 02 = (16.7)* + 2a(0.7), a = -200 m/s?
Deceleration = —a = (200 m/s?)[1g/(9.8 m/s?)] = 20 g

80 km/hr X 1000 m/km X 1 hr/3600 s = 22.2 m/s

(a) Use eq (2-10b). Distance traveled before reacting is 22.2 m.
Use eq (2-10c). 0 = (222 m/s)? + 2( -4 m/s)d, d = 61.6 m.
Total distance is §3.8 m.

(b) Again, 0 = (22.2 m/s)? + 2( -8 m/s?)d, d = 30.8 m.
Total distance = 53.0 m.

m

9
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Chapter 2 Physics: Principles with Applications

Difference in "reaction distance” is d = (22.2 m/s)(1 s — 04 s) = 13.3 m.
Therefore distance is

(a)(83.8 m -133 m) =71l m, or

(b) (53 m - 133 m) = 40 m.

Distance before brakes hit = x, + vty
Distance after brakes hit:

2 2
vi— v,

X = Xp + P

vi— y,?

= Volg + —-

X = Voly — Vo¥f2a

Use eq (2-10c). Her initial speed is 50 km/h = 13.9 m/s. Her stopping distance is ~v?2a = 16 m,
which is less than 30 m (o intersection.

Use eq (2-10a) to calculate her acceleration as (v — v/t = (5.55 m/s)/7 s = 0.793 m/s%

In 2 s she can travel, eq (1-10b),

x = (139 m/s)(2 s) + 0.5(0.794 m/s?)(2 s)? = 294 m

which is less than the (30 m + 12 m) needed to make the light.

She should brake.

Time left 120 s. Assume accelerates for time ¢ to speed v then cruises.
Intial speed is (4200 m)/(660 s) = 6.36 m/s.

Distance during acceleration = (6.36 m/s)t + 0.5(0.2 m/s?)e2,

Cruise time is 120 - 1 = d/v = (800 - 6.36 1 — 0.1 /(636 + 0.2 1).
Quadratic is

01 2-24:+368=0 t=1543s

1g
2 7 g =
280 m/s? X 930 /s 2857Tg=2¢g

Use eq (2-10b). 4 = 0.5(9.8)(3.5) = 60 m

(a) Use eq (2-10b). -50 = (-9.8)%2, =319 s

(b) Use eq (2~10a). v =0+ (-9.8)(3.19) = 313 m

(a) Use eq (2-10c). 0 = (24)2 — 2(9.8)h, h = 29.4 m

(b) Total displacement is zero. Use (2-10b). 0 = (24)r — 0.5(9.8)2, 1=490s.
t = 0 is the trivial solution corresponding to zero displacement a]sg)./-
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Chapter 2 Describing Motion: Kinematics in One Dimension 11

Use (2-10c). 0 = v¢2 + 2(-9.8 m/s?)(2.8 m), v, = 7.41 m/s.
Use (2-10b), displacement is zero. 0 = (7.41 m/s)t + (9.8 m/s?3/2, { = 1.5 .

Use eq (2-10b). 0 = v,(4) + 0.5(~9.8)42, v, = 19.6 m/s.
Use eq (2-10c). 0 = (19.6)> + 2(—-9.8)h, 2 = 19.6 m.

v =gt d= gi2

120}
50} ;
| dqm) |
v(m/s) | !
0 ) 5 0 ) 5

Use eq (2-10c). 0 = (1 m/s)? — 2a(0.035 m), g = 14 m/s. down.

Use eq (2-10b) 120 = (6)t + (-9.8)1%/2, +t=5.60 s

Use eq (2-10a) for second stone. 15 = 981, = 1.53 s.

Use eq (1-10b) to determine how far stone has fallen. A, = (9.8)(1.53)¥2 = 11.5 m.
First stone has fallen h, = (9.8)(2.53)%2 = 31.4 m

Ah = hy — b, =199 m
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12
y=y0+vOr+2'ﬂ’

Let y0=0, V0=0.
1
y =58
1
At O s, y°=§g(0)2=0g m
Atls,y =sep =L m
’yl'—zg —28

1 4
A2y, =502 = 5g m

At3s,y= %3(3)2 = %g m

1
}’1—}’o=§g

3
)’2_}’1=§g

5
}’3—)’2=§8

1
ALN s, yw = 280 = 755

ALV + 1) 5, o = 28N + 12 =

1
I = In = ig[(N + 12 - N

= LIV + 2N 4 1 - D)

1
= Qg(ZN + 1

N+ 1)?
( 2)g

If N is an integer, 2V + 1 is an odd integer.

Use eq (2-10c). v2 = vg?, as displacement is zero.

(a) Use eq (2-10c). v2 = (20)2 + 2( -9.8)(16), v = 39.30 m/s

(b) Use eq (2-10a) + 9.3
- 93 =

20 — (9.8),, ¢,

20 - (9.8, 1

= 1.09 s.
=299 s.

(c) Stone passes the same height twice, once when rising up, another when falling down.

Use eq (2-10b). & = (9.8 m/s?)i%/2, where ¢ is time to top of window.
(h + 24 m) = (9.8 m/sH)(t + 0.3 s)¥2. Subtract to find + = 0.665 s, and A = 2,17 m.



Chapter 2 Describing Motion: Kinematics in One Dimension 13

Time for sound is (4/340)s. Time of fall is [3 — (h/340)]s.
Use eq (2-10b). h = (9.8)(3 — hf340)}2, h = 41 m.

Since the water continues to fall for 2 seconds after the water is diverted, it takes two seconds for the
last water to leave the nozzle and go up and then fall to the ground.
We are solving for the maximum nozzle speed.
Use eq (2-10b).  up positive, 0 m = 1.5 m + vt — (0.5)(9.8 m/s)r2
Assume minimum nozzle speed = 0 m/s
=2s
v=905 mfs.

(a) Use eq (2-10b). —65 = (10 + (0.5)( -9.8)2, 1 =48 s.
(b) Use eq (2-10a). v = (10) + ( -9.8)(4.8) = =37 m/s.
©d=|dy| + |dwa| =24, + h

Use eq (2-10c).

0 = (10 + 2(-9.8)d,,, d,, = 5.1 m
d=251)+65=75m

(a) Use eq (2-10c). 122 = v + 2(-9.8)(30). up positive, v, = 27.1_m/s.
(b) Use eq (2-10c). 0 = (27.1)> + 2(-9.8)4, h = 37.3 m
(c) Use eq (2-10 b). -30 = 12t + 0.5(-9.8)2, t = -1.5s or 4.0 s.

It was thrown 1.5 s ago.

Could also use eq (2-10a). 12 m/s = 27 m/s + (-9.8 m/s¥r, 1 = 1.5 s
(d) It reaches street again at t = 4.0 s.

Eq (2-10a). 27 m/s = 12 m/s + (9.8 m/s))s, t = 4.0 s

(a) At ¢

10 s, slope of line = (2.8 m)/(10 s) = 0.28 m/s.

(b) At t = 30 s., slope of line = (19 m — 8 m)/(35 s — 25 s) = 1,10 m/s
(c) The velocity is constant for first 20 s, therefore from (a) ¥_= 0.28 m/s.
(dv=(16m- 8 m)y5s) = 16mfs

() V = (10 m — 20 m)X10 s) = —1.0 m/s
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(a) Whenever the curve is straight, i.e. 0-20 s.
(b) When slope is steepest in positive direction, ¢ ~ 28 s.
(c) When slope is zero t = 37.5 s.

(d) both. From 37.5 s on it is going backwards.

(a) 50 s
(b) 20 s t0 107

(c) When curve is straight, 0 — 15 s: 65 s — 75 s: 90 s to 107 s.

(d) Magnitude means we can consider both positive and negative slopes.

. _Av 11 m/s
(a) Acc in 2nd year = AT 5 s

Aona gear o l._Z_m{iz

7.5 m/fs
10 s

(b) Acc in 4th gear = ~ 0.8 mfs?

(c) We need area under curve ~ 37.5 + 5 X 7.5 = 75_m.

. _Av 13 m/s _ 2
Acc in st gear = T T 3.3 m/s
Acc in 3rd gear = 127ms/ S = 1.7 m/s?
Acc in 5th gear = =TS _ 035 2
gear = 535 = o
. _Av _ M m/s 2
Acc in first 4 gear = AT s 1.6 m/s

t270s

(a) Area under curve is distance ~ 17 squares = 17 X 10 m/s X 10s = 1700 m.

(b) Area under curve ~ 5 squares = 500 m.



Chapter 2 Describing Motion:

53. We must plot slope in m/s against ¢,

12

0.8

04 |

v(m/s)

-04

-08

-1.2

50

1(s)

54. We plot area under curve as a function of time.

2400

x(m)

1200

Kinematics in One Dimension

15
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55. a b
i
10
8_\
6 —
Jf(m)4_
2—
Ly L L 1 1 #
4 0 1 2 3 4

Vie=(Cm-0m)ls-05s) =20 ms Vie=(8 m - 10m)/(1 s~ 0s) = -2.0 m/s
Va=BSm-2m)/Q2s-1s)=15m/s Va=(65m-8m/2s-1s)=—15mfs
vz = (4.5 m - 3.5 m)/(3s -~ 2s) = 1.0 mfs vy = (5.5 m - 6.5 myB3s-2s)= —-1.0m/fs

x(m)
0}
8 /
)

2

-2 -1 0 1 Ks)

Vo =BOm-0my[-1s-(-25s)]=30ms
Vio=(65m-30my[0s - (-1s)] = 3.5 mfs
Vor = (100 m - 6.5 my/(1 s — 0 s) = 3.5 mfs
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3 =

5t
x(m)

1 -

1 1 1
0 1 2 3
1(s)

v =03 m- 1333 m)/(1 s) = 1.667 m/s
v = (2.083 m - 1.333 m)/(0.5 s) = 1.5 m/s
v = (1.610 m - 1.333 m)/(0.2 s) = 1.39 m/s
v = (1470 m -~ 1.333 m)/(0.1 s) = 1.37 m/s
v ~ 1.36
h = v¥2g

(ho/he) = (8/8a) = 6
Using eq (2-10c). Ax = v¥2a = [(100 km/h)0.278(m/s)(km/h)]1%/2/30/(9.8 m/s?) = 1.31 m

Assume lap distance is L km. ¢ = djfv.
Time for four laps is t = (4L km)/(200 km/h) = sum of times for first two laps plus second two laps
= (2L km)/(170 km/h) + (2L/v). v = 243 km/h.

.. [3X 100 km/h| _ ~
Number of cars is [m] = 3488 cars/h ~ 3500 cars’/h

100 m/[(90 — 60)km/h}/[0.278(m/s)/(km/h)] = 12 s.

First find acceleration using eq (2-10c). (25)% = 2a(200), a = 1.56 m/s%
Using eq (2-10c) again. v? = 252 + 2(1.56)(290)
v = 30.1 m/s

17
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65.
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(@) v = 90 km/h = 25 m/s, N = 36000/800 = 45.
Total time = 45(800/25 + 25/2.2 + 25/4) + 44(20) = 3205 s = 52 min.

(b) 12(3000/25 + 25/2.2 + 25/4) + 11(20) = 1871 s = 31 min

N stretches, (N — 1) intermediate stations.

a = acceleration, d = deceleration, max velocity = v, distance between stations = L,
time at each staton = 7.

Acceleration time v/a. Distance v%/2a.

Deceleration time v/d. Distance v%/24.

Time for middle stretch = (L ~ v32g — v¥2d)/v.

Total tme = N(L/v + v/2a + v/2d) + (N - DT.

Average speed = L/[IL/v + v/2a + v/2d + T(N - 1)/N]

How high is the pelican 0.10 s before it hits the water? Time for pelican to reach surface:
Om=20m + 0.5(-9.8 m/s?)2

t=202s.

At 2.02 s — 0.10 s = 1.92 s, fish must spot pelican. At this time, the pelican is at height
20m + 0.5(-9.8 m/s?(1.925)2 =193 m=19 m

Use eq (2-10c).

Putting downhill: 0 = v2 + 2(-2 m/s)8 m, or 0 = v + 2(-2 m/s?)6 m.
Thus range is 4.9-5.6 m/s.

Putting uphill: 0 = v2 + 2(-3 m/s?)8 m or 0 = v2 + 2(-3 m/s?) 6 m.
Thus range is 6.0-6.9 m/s.

The range for putting uphill is bigger.



